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back-boned animals (Vertebrala) serves to show
that the ability to fly is developed most highly in
the Birds (Class Aves).

The long, flying leaps of the Flying Squirrels, the
Flying Phalangers, and those curious lizards, the
Flying Dragons, are nothing more than a continu-
ation of an ordinary leap, rendered possible by the
presence of the parachute-like expansion of the
skin along the flanks. In these creatures there is
no special modification, or elongation, of the fore-
limbs. They do not fly, but simply float upon the
air. In the Flying Fish, the ability to float upon
the air for a short interval of tune is due to the
special modification of the pectoral fins. As the
late Professor Lydekker remarked, "the continu-
ance of the flight is due to the original impetus of
the leap from the water, and is not prolonged by
any flapping of the fins."

Our present concern is with flight in the scien-
tifically accepted meaning of that term.

The only Mammals possessing the power of true
flight are the Bats (Chiroptera). These animals,
according to the theory of evolution, are insect-
eating mammals that, in order to avail themselves
of the insect life abounding in the air, and to escape
their enemies on, or near, the ground, have adopted
a mode of existence which, excepting during repose
and hibernation, is almost exclusively aerial. This
has become possible by the special modification of
the bones of the fore-limbs and the development
of a leathery wing-membrane.

For the sake of convenience, we may term the
fore-limb of a bat the arm, and its extremities the
fingers. A casual examination reveals the fact that
the bones of the fore-limbs are extremely long and
slender. The thumb, or first finger, which is
provided with a- claw, is relatively short. The
elongation of the four other fingers, however, is
pronounced. The third, fourth, and fifth fingers,
are without so much as a vestige of a claw, and they
definitely exceed the fore-arm hi length. The
middle, or third, finger is the longest.

The flight-membrane extends from the front
portion of the fore-limb, joining the fingers, then
connecting the hind-limbs, both of which it unites.
Whether or not the tail be included in the mem-
brane, depends upon the species to which a bat
belongs.

When a bat is in flight the flight-membrane is
tightly stretched. During rest, it folds very com-
pactly along the sides of the body, which it
envelops almost like a shroud. We may observe
that a bat's flight-membrane, although extremely
sensitive, is wholly devoid of feathers, and, from
an anatomical point of view, there is a world of
difference between its structure and that of a bird's
wing. Nevertheless, it seems probable that the
bat's wing, the wing of a pterodactyl, and the
wing of a bird, has each been derived from one and
the same type, the five-fingered fore-limb.

In the pterodactyls, those long-extinct flying

reptiles, all five fingers were retained, although four
of them were much diminished.

Now let us look at a wing of a typical flying bird.

The bird's wing, and the arm of a man, or of an
ape, are analogous in structure; but in the bird
the fore-limb has become highly specialized so that
it may perform a particular function, to emulate
which man depends upon extraneous and artificial
aids. On the assumption that both birds and
mammals have evolved from some reptilian
ancestry, we may note that, in the fore-limb of the
bird, only certain of the original fingers remain,
and even these have altered so profoundly as to be
scarcely recognizable as finger-bones at all, save by
a student of comparative anatomy. Only three
out of the original five fingers still persist.

Like the fore-limb of a human being, the wing
of a bird consists of three main sections, the arm,
the forearm, and the hand. To all save a speci-
alist's scrutiny, the hand appears to be composed
of only a thumb and finger.

The feathers of birds are really modified scales.
They are present in no other known forms of life.
In relation to flight the most important of them
are the quills, which extend along the hind-margin
of the hand and of the forearm. Those on the
hand are the primaries, whilst those arising from
the forearm are termed the secondaries. The large
feathers of the third set are known as the tertiaries.
It is a matter of common knowledge that a bird
which has had certain quill-feathers cut is incap-
able of flight, and that, by this means, even some
of the swiftest and strongest of fliers are confined
to ornamental waters.

Next, let us consider some of the principles of
natural flight.

It is interesting to compare and contrast the
progression of living creatures in the air and in the
water. As Professor Pettigrew, writing in The
Eiicyclopaedia Britannica, points out, water "is
comparatively very heavy, inelastic, and incom-
pressible ; air. on the other hand, is comparatively
very light, elastic, and compressible. If water be
struck with violence, the recoil obtained is great
when compared with the recoil obtained from air
similarly treated. ... In water, we get a maxi-
mum recoil with a minimum of displacement; in
air, on the contrary, we obtain a minimum recoil
with a maximum of displacement. . . . Water and
air . . . form movable fulcra to bodies acting upon
them. In order to meet these peculiarities, the
travelling organs of aquatic and flying animals are
made not of rigid, but of elastic materials. . . . The
travelling organs, moreover, increase in size in
proportion to the tenuity of the fluid to be acted
upon."

When swimming a bird extends its feet, either
together, or alternately, in a backward direction,
with the result that the recoil drives it forward.
The feet act as a propeller, whilst the weight of the
bird, which is lighter than the water, is supported
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